TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE FOR CHARGE-UP DAMAGE EVALUATION AND 
CHARGE-UP DAMAGE EVALUATION METHOD 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a semiconductor device 
for charge-up damage evaluation and a charge-up damage 
evaluation method for use during steps of manufacturing 
semiconductor devices . 

Description of the Related Art 

As patterns of elements have become finer and denser, gate 
oxide films and wires of MOS transistors and the like are 
becoming finer. Hence, it is increasingly important to prevent 
damage upon an oxide film owing to charge-up during a 
semiconductor manufacturing process. Charge-up damage upon a 
thin oxide film during an ion beam irradiation process, such 
as ion implantation, or at a dry etching step using plasma has 
been a problem, and therefore, an antenna-mounted MOS (Metal 
Oxide Semiconductor) capacitor as that shown in FIG. 11 has been 
used for evaluation of charge-up damage (See Japanese Patent 
Application Laid-Open Gazette No. H8-203971 (pages 2 to 3) for 
instance . ) . 

In FIG. 11, denoted at 101 is a silicon substrate, denoted 




at 102 is a thin-film gate oxide film which will serve as a 
capacitor area, denoted at 103 is an element isolation oxide 
film, and denoted at 104 is a polysilicon film which will serve 
as an antenna electrode. In an antenna-mounted MOS capacitor 
structure, the element isolation oxide film 103 is formed on 
the silicon substrate 101, the thin-film gate oxide film 102 
is then deposited, and the polysilicon film 104 is deposited 
on the entire surface. In general, an antenna-mounted MOS 
capacitor comprises at a logarithmic ratio a plurality of 
capacitors whose antenna ratio : A (A = antenna electrode 
surface / capacitor surface) varies from 1 to 10^ times. 

In a method of evaluating charge-up damage in this 
antenna-mounted MOS capacitor, the antenna-mounted MOS 
capacitor is processed by ion implantation or the like and a 
voltage is then applied upon an insulation film of the MOS 
capacitor to thereby apply electric stress, a voltage which 
develops upon dielectric breakdown of the insulation film is 
measured, a chip which is at or below a certain threshold voltage 
(which is 8 MV/cm for instance) is identified as a defect, and 
a ratio of failing capacitors (destruction of the gate oxide 
film) is calculated. A process condition is set such that the 
antenna-mounted MOS capacitor will not be destroyed. 

However, the conventional antenna-mounted MOS capacitor 
for charge-up damage evaluation described above has a problem 
that while it has high sensitivity to damage upon the thin-film 
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gate oxide film 102 attributed to direct charging with electric 
charges associated with ion implantation, plasma etching, an 
electron ray and the like, the sensitivity to static electricity 
developed by frictions and the like is low. During ion 
implantation, etc., a large electric field is applied upon the 
antenna electrode. When the applied electric field is uneven, 
the applied electric field makes a current flow in the thin-film 
gate oxide film 102. Since a large amount of electric charges 
pass through the thin-film gate oxide film 102 at this stage, 
the thin-film gate oxide film 102 is destroyed. 

Although a large electric field is applied upon the 
antenna electrode because of static electricity which develops 
by frictions between insulation members or the like, the amount 
of electric charges is extremely small, and hence, there will 
be no flow of electric charges (current) which is large enough 
to destroy the thin-film gate oxide film 102. For this reason, 
the sensitivity of the conventional antenna-mounted MOS 
capacitor to charge-up damage owing to static electricity is 
low . 

SUMMARY OF THE INVENTION 

The present invention solves the problems with the 
conventional techniques described above, and aims at providing 
a semiconductor device for charge-up damage evaluation and a 
charge-up damage evaluation method with which it is possible 
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to detect charge-up damage which is caused by static 
electricity. 

A semiconductor device for charge-up damage evaluation 
according to the present invention comprises: a substrate; a 
first insulation film formed on the substrate; a first 
conductive layer formed on the first insulation film and 
connected with the substrate; a second insulation film formed 
on the first conductive layer; a second conductive layer formed 
on the second insulation film and serving as an antenna; and 
a third insulation film formed on the second conductive layer. 

In the structure above, the top-most conductive layer is 
covered with the insulation film and there are at least two 
conductive layers or more, the first conductive layer is 
disposed which is connected with the substrate, the second 
conductive layer is disposed which is connected with the large 
size pattern which will serve as an antenna, the first 
insulation film is disposed between the silicon substrate and 
the first inter-layer insulation film, and the second 
insulation film is disposed between- the first conductive layer 
and the second inter-layer insulation film, and therefore, the 
sensitivity to charge-up caused by static electricity is high. 
That is, static electricity developing during processing at a 
manufacturing step causes electrostatic energy to accumulate 
owing to electric charges in a lower portion of the second 
conductive layer which will serve as an antenna, and application 
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of a high electric field attributed to static electricity 
deteriorates the insulation film which is between the first 
conductive layer and the second conductive layer, whereby the 
accumulated electrostatic energy is released, the insulation 
film which is between the first conductive layer and the second 
conductive layer gets physically destroyed, and charge-up 
damage attributed to static electricity is therefore 
quantitatively detected at excellent sensitivity. 

In the structure above, the third insulation film is of 
a material which is easily charged up. One can expect high 
sensitivity from this structure. 

In the structure above, the third insulation film 
comprises convex and concave portions. This structure makes 
charging up easy. 

In the structure above, geometric patterns are formed at 
least on the third insulation film which is located above the 
second conductive layer. 

In the structure above, a top surface of the third 
insulation film has a slit-like shape with a number of parallel 
slits . 

In the structure above, a number of slits are formed in 
an upper portion of the third insulation film in a radial 
arrangement . 

In the structure above, a slit is formed in a spiral shape 
in an upper portion of the third insulation film. 
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In the structure above, a ratio of the surface area size 
of an antenna portion connected with the second conductive layer 
to that of a capacitor portion formed by the first conductive 
layer and the second conductive layer is high. In this 
structure, the sensitivity to charge-up damage which is caused 
by static electricity is high. 

In the structure above, a ratio of the film thickness of 
the first insulation film to that of the second insulation film 
is high- In this structure, a large voltage is applied owing 
to static electricity. 

A charge-up damage evaluation method according to the 
present invention is characterized in inspecting, using an 
optical detect inspection apparatus, the semiconductor device 
for charge-up damage evaluation described above charged up by 
static electricity at a semiconductor manufacturing step, and 
calculating a defect occurrence rate from the number of detected 
defects attributed to static electricity. 

In the structure above, a physically destroyed place 
within an evaluation semiconductor device which has high 
sensitivity to static electricity is detected and a defect 
occurrence rate is then calculated, and hence, it is possible 
to quantitatively evaluate charge-up damage attributed to 
static electricity at excellent sensitivity. 

Further, the charge-up damage evaluation method 
according to the present invention is a charge-up damage 
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evaluation method in which the semiconductor device for 
charge-up damage evaluation described above is inspected using 
an optical detect inspection apparatus and a defect occurrence 
rate is calculated from the number of detected defects 
attributed to static electricity, wherein at the time of pulling 
up a semiconductor manufacturing apparatus for charge-up damage 
evaluation out from a cleaning liquid at a cleaning step among 
semiconductor manufacturing steps, pulling-up in a direction 
parallel to the slits formed in the upper portion of the third 
insulation film is performed separately from pulling-up in a 
direction perpendicular to the slits and the semiconductor 
manufacturing apparatus for charge-up damage evaluation thus 
pulled up is inspected using the optical detect inspection 
apparatus . 

The structure above allows to measure charge-up damage 
which is dependent upon the direction of the semiconductor 
device separately for the direction parallel to the pulling-up 
direction and the direction perpendicular to the pulling-up 
direction, and to quantitatively evaluate charge-up damage for 
each . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lA is a surface view which shows a surface structure 
of a semiconductor device for charge-up damage evaluation 
according to the present invention; 




FIG. IB is a drawing which shows the cross section taken 
along X-Y in FIG. lA; 

FIG. 2 is an explanatory diagram which shows an equivalent 
circuit in FIG. IB at the time that a semiconductor 
manufacturing apparatus charges up the top-most surface of the 
semiconductor device for charge-up damage evaluation according 
to the present invention; 

FIG. 3 is a drawing which shows how the density of electric 
charges charged up at a test device surface by static 
electricity correlates, at different antenna ratios, to the 
film thickness (nm) of an inter-layer insulation film 11 
deposited on an inter-layer insulation film 10; 

FIG. 4 is a drawing which shows how the density of electric 
charges charged up at the test device surface by static 
electricity correlates to the film thickness (nm) of the 
inter-layer insulation film 10 at different antenna ratios; 

FIG. 5 is a drawing which shows how the density of electric 
charges charged up at the test device surface by static 
electricity correlates to the surface area size of overlap 
portions 1, where an upper electrode 8 overlaps a lower 
electrode 6 which is connected to an Si substrate, at different 
antenna ratios; 

FIG. 6 is a drawing of a correlation to an antenna ratio, 
which shows a result on a defect occurrence rate calculated from 
the number of defects which are detected using an optical detect 
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inspection apparatus within the semiconductor device for 
charge-up damage evaluation according to the present invention; 

FIG. 7 is a drawing of a correlation between a defect 
occurrence rate and electrostatic energy (J) developed by 
electric charges which accumulate between the upper electrode 
8, which serves as an antenna, and the inter-layer insulation 
film 11; 

FIG. 8A is a surface view which shows a surface structure 
of a second semiconductor device for charge-up damage 
evaluation according to the present invention; 

FIG. 8B is a drawing which shows a cross sectional 
structure taken along X-Y in FIG. 8A; 

FIG. 9A is an explanatory diagram which shows a method 
of pulling up from a bath a semiconductor device for charge-up 
damage evaluation according to a third preferred embodiment of 
the present invention, in relation to a situation where the 
pulling-up direction is parallel to the direction of slits; 

FIG. 9B is an explanatory diagram which represents a 
situation where the pulling-up direction is perpendicular to 
the direction of the slits; 

FIG. 10 is a relationship drawing which shows a 
relationship between an occurrence rate of defects attributed 
to charge-up damage in a semiconductor device and a speed of 
pulling up the semiconductor device out from a cleaning 
apparatus ; and 
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FIG. 11 is a drawing which shows a cross sectional 
structure of a conventional antenna-mounted MOS capacitor for 
charge-up damage evaluation. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments will now be described with 
reference to associated drawings, as a semiconductor device for 
charge-up damage evaluation and a method of evaluating 
charge-up damage according to the present invention. 
<FIRST PREFERRED EMBODIMENT> 

A semiconductor device for charge-up damage evaluation 
according to a first preferred embodiment of the present 
invention will now be described with reference to FIGs. 1 
through 5 . 

FIG. lA shows a surface structure of a semiconductor 
device for charge-up damage evaluation (hereinafter referred 
to as a "test device") according to a preferred embodiment of 
the present invention, and FIG. IB is a drawing of the cross 
section taken along X-Y in FIG. lA. Denoted at 5 is a contact 
which electrically connects a silicon (Si) substrate 9 and a 
lower electrode 6, denoted at 8 is an upper electrode which 
defines a large size pattern which will serve as an antenna for 
accumulating electric charges, denoted at 7 are overlap 
portions where the lower electrode 6 and the upper electrode 
8 overlap each other, denoted at 10 is an inter-layer insulation 



film deposited on the silicon substrate 9, denoted at 11 is an 
inter-layer insulation film deposited on the inter-layer 
insulation film 10, and denoted at 12 is an inter-layer 
insulation film deposited on the inter-layer insulation film 
11. As the insulation film 12, a material which is easily 
charged up such as a plasma TEOS film and a plasma oxide film 
is used. 

A place within this test device where charge-up owing to 
static electricity is detected (hereinafter referred to as a 
"detection portion") is the inter-layer insulation film 11 
located at capacitor portions (detection portions) 7 in which 
the upper electrode 8 which will serve as an antenna for 
accumulating electric charges (hereinafter referred to as an 
"antenna portion") intersects the lower electrode 6 which is 
connected to the silicon substrate. A ratio of the surface area 
size of the detection portions 7 to that of the antenna portion 
8 needs be large. For instance, the surface area size of the 
detection portions 7 may be 10 /zm^ and a ratio of the surface 
area size of the detection portion to that of the antenna portion 
may be 1000000. Further, the insulation film thickness may be 
thicker than that of a conventional antenna-mounted MOS 
capacitor. For example, in the preferred embodiment, the film 
thickness of the inter-layer insulation film 11 is 400 nm, the 
film thickness of the inter-layer insulation film 10 is 400 nm, 
and plasma TEOS (Tetra Ethyl Ortho Silicate) whose relative 



dielectric constant is 4 . 2 is used as the inter-layer insulation 
films . By means of such a structure, the inter-layer insulation 
film which is subject to detection gets destroyed even with a 
very small amount of charging caused by static electricity which 
is as low as 3.0X10"'^ C/rv? per unit surface area, which allows 
to detect static electricity at high sensitivity. 

The reason why the structure above permits to detect 
charging caused by static electricity at good sensitivity will 
now be described. 

When a surface of the test device is charged up by static 
electricity, a surface potential increases. In accordance 
with the increase of the potential, the. capacitor formed by the 
antenna portion 8 accumulates electrostatic energy. As the 
surface potential becomes equal to or larger than a certain 
constant value, an electric field which is equal to or beyond 
a withstand voltage is applied upon the inter-layer insulation 
film 11 located at the detection portions 7. Due to the applied 
electric field equal to or beyond the withstand voltage, a leak 
current develops between the electrodes at the detection 
portions 7. Once a flow of electric charges is created by the 
leak current, the electric charges accumulated between the 
upper electrode 8 which will serve as an antenna and the 
inter-layer insulation film 11 rush toward the silicon 
substrate 9 en masse. The accumulated electric charges thus 
abruptly released and the flow of the electric charges give rise 
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to Joule heat which then physically destroys the inter-layer 
insulation film 11 located at the detection portions 7. 

FIG. 2 shows an equivalent circuit in FIG. IB at the time 
of charging up of the top-most surface of the test device. 
Assuming that the dielectric constant in vacuum is a o and the 
relative dielectric constant of the inter-layer insulation 
films 10 and 11 is in FIG. 3, electrostatic energy E owing 
to electric charges accumulated between the upper electrode 8 
and the inter-layer insulation film 11, electrostatic 
capacities Ca and Cb and an applied voltage V are expressed as 
below: 

1 (Qa+Qb)^ 1 9 

E = ^^"^ = (Ca+Cb)v2 (1) 

2 Ca+Cb 2 



Ca = K8o J" (2) 
d2 



Cb = Keo ^ ^ (3) 

di+d2 



Qa+Qb 

V = ^ ^ (4) 



where Ca denotes the electrostatic capacity of the inter-layer 
insulation film 11 located at the detection portions 7 in which 
the upper electrode 8 overlaps the lower electrode 6 (the 
relative dielectric constant : k, the insulation film thickness : 
d2, the electrode surface area size: Sa^ the amount of 
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accumulated electric charges: Qx) / Qa denotes the amount of 
electric charges accumulated at the top-most surface of the 
inter-layer insulation film 12 which is on the upper electrode 
8 located at the portions 1, Cb denotes the electrostatic 
capacity of the insulation film which is formed by the 
inter-layer insulation films 10 and 11 which are between the 
upper electrode 8 and the Si substrate 9 (the relative 
dielectric constant: k, the insulation film thickness: di. + d2, 
the electrode surface area size: Sb/ the amount of accumulated 
electric charges: Qy) , Qb denotes the amount of electric charges 
accumulated at the top-most surface of the inter-layer 
insulation film 12 which is on the upper electrode 8 and V denotes 
a voltage applied between the upper electrode 8 and the 
inter-layer insulation film 11. 

To ensure destruction by a smaller amount of charging at 
the test device surface than generated static electricity 
permits detection of charge-up at better sensitivity. 

For the inter-layer insulation film 11 between the upper 
electrode 8 and the detection portions 7 to be destroyed, it 
is necessary that an electric field equal to or beyond the 
withstand voltage develops and that electrostatic energy (E) 
by electric charges accumulated between the upper electrode 8 
and the inter-layer insulation film 11 builds up to an extent 
sufficient enough to destroy the inter-layer insulation film 
11 located at the detection portions 7 before the electric field 
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applied upon the insulation film which is to be destroyed gives 
rise to a leak current. A value (Sb / Sa) obtained by dividing 
the surface area size of the antenna portion 8 by that of the 
detection portions 7 will be hereinafter referred to as an 
antenna ratio (AR) . 

In order to cause destruction at better sensitivity 
relative to generated static electricity, the surface area size 
of the antenna portion 8 (Sb) which is for making it easy to 
secure charging which would be otherwise less must be large to 
thereby increase electrostatic energy (E) which is caused by 
thus accumulated electric charges, the film thickness (d2) of 
the subject insulation film 11 must be large so that the 
accumulated electric charges will not instantly leaked out and 
lost, the lower electrode 6 must be connected with the Si 
substrate 9 to thereby increase a voltage which is applied upon 
the subject insulation film 11, and the film thickness (di) of 
the inter-layer insulation film 10 must be thick. 

FIG. 3 shows the result of a calculation on how the density 
(C/m^) of electric charges charged up at the test device surface 
which is enough to destroy the detection portions 7 by means 
of static electricity correlates to the film thickness (d2: nm) 
of the inter-layer insulation film 11 which is deposited on the 
inter-layer insulation film 10 and dependent upon the values 
Ca and Cb. In FIG. 3, the horizontal axis expresses the film 
thickness (da) of the inter-layer insulation film 11 and the 
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vertical axis expresses the density (C/m^) of electric charges 
charged up at the test device surface by static electricity. 
From FIG. 3, it is understood that the larger the antenna ratio 
is and the thicker the film thickness of the inter-layer 
insulation film 11 is, the lower the density of electric charges 
is at which electrostatic energy builds up sufficiently to 
destroy the inter-layer insulation film 11 located at the 
detection portions . 

Meanwhile, FIG. 4 shows the result of a calculation on 
how the density (C/m^) of electric charges charged up at the 
test device surface which is enough to destroy the detection 
portions 7 by means of static electricity correlates to the film 
thickness (di: nm) of the inter-layer insulation film 10 which 
is deposited on the silicon substrate 9. The film thickness 
(d^) of the inter-layer insulation film 11 however is. fixed at 
400 nm. In FIG. 4, the horizontal axis expresses the film 
thickness of the inter-layer insulation film 10 which is 
deposited on the Si substrate 9 and the vertical axis expresses 
the density (C/m^) of electric charges charged up at the test 
device surface by static electricity. From FIG. 4, it is seen 
that the larger the antenna ratio is and the thicker the film 
thickness of the inter-layer insulation film 10 is, i.e., the 
larger the ratio of the film thickness of the first insulation 
film 10 to that of the second insulation film 11 is, the lower 
the density of electric charges is at which electrostatic energy 



- 16 - 



builds up sufficiently to destroy the inter-layer insulation 
film 11 located at the detection portions 7. 

Further, FIG. 5 shows the result of a calculation on how 
the density (C/m^) of electric charges charged up at the test 
device surface by static electricity correlates to the surface 
area size of the detection portions'? which affects the value 
Ca- In FIG. 5, the horizontal axis expresses the surface area 
size of the detection portions 7 (The numerical values along 
the horizontal axis in FIG. 5, e.g. , l.OOE-08 means 1X10"®. The 
numerical values along the horizontal axes in FIGs. 6 and 7 are 
similar.) and the vertical axis expresses the density (C/m^) 
of electric charges charged up at the test device surface by 
static electricity. From FIG. 5, it is seen that the larger 
the antenna ratio is and the larger the surface area size of 
the detection portions is, the lower the density of electric 
charges is at which electrostatic energy builds up sufficiently 
to destroy the inter-layer insulation film 11 located at the 
detection portions . 

The results above show that for the test device to be 
destroyed at better sensitivity relative to charging up 
attributed to static electricity, the antenna ratio may be 
100000 or higher, the inter-layer insulation films 10 and 11 
may be 400 nm or thicker, and the surface area size of the overlap 
portions 7 in which the upper electrode 8 overlaps the lower 
electrode 6 may be lOjum^ or larger. When these conditions are 
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met, the test device exhibits higher sensitivity to charging 
up caused by static electricity than a conventional 
antenna-mounted MOS capacitor and makes it easier to detect 
charge-up . 

A method of evaluating charge-up damage according to the 
first preferred embodiment of the present invention will now 
be described. 

In a semiconductor manufacturing apparatus which one 
wishes to evaluate as for charge-up damage, the test device 
described above which is highly sensitive to charging 
attributed to static electricity is processed. During 
processing with the semiconductor manufacturing apparatus 
which is subject to evaluation, when static electricity 
develops and electric charges on the test device surface are 
charged up to or beyond a certain value, the charge-up detection 
portions of the test device get destroyed. 

The test device including the destroyed portions is 
loaded into the optical detect inspection apparatus and the chip 
is partitioned by antenna ratio, thereby defining inspection 
areas. For instance, in the event that there are three types 
of antenna ratios of 1, 10 and 100, inspection areas are defined 
such that those areas where the antenna ratio is 1 will be 
inspected during a test 1, those areas where the antenna ratio 
is 10 will be inspected during a test 2 and those areas where 
the antenna ratio is 100 will be inspected during a test 3. In 
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addition, destruction only in the charge-up detection portions 
is detected, thereby adjusting the sensitivity so that foreign 
matters such as particles will not be detected. Owing to such 
setup, it is possible to detect the number of only such defects 
which are caused by destruction in the charge-up detection 
portions for each antenna ratio. With defect inspection run 
after setting these up, an occurrence rate of defects in the 
test device is calculated for each antenna ratio based on the 
number of thus detected defects. 

An example of evaluation of charge-up damage attributed 
to static electricity using the structure according to the first 
preferred embodiment will now be described . 

From the formula (1) , it is seen that electrostatic energy 
developing from accumulated electric charges grows as the 
amount of accumulated electric charges increases. Hence, an 
increase of the surface area size of the upper electrode 8 
serving as an antenna and an increase of the amount of 
accumulated electric charges give rise to charge-up damage at 
excellent sensitivity. An experiment was conducted on a test 
device in which the total of seven types of the structure shown 
in FIG. lA are arranged within one chip to thereby obtain antenna 
ratios of 1, 10, 100, 1000, 10000, 100000 and 1000000, where 
the film type of the inter-layer insulation film 10 deposited 
on the silicon substrate 9 and the inter-layer insulation film 
11 deposited on the inter-layer insulation film 10 is a plasma 
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TEOS film (the relative dielectric constant: 4.2), the film 
thickness is 400 nm and the surface area size of the overlap 
portions 7 in which the upper electrode 8 serving as the 
detection portions overlaps the lower electrode 6 has a constant 
value (= lOjLLrn^). The test device was processed using a 
semiconductor manufacturing apparatus for charge-up damage 
evaluation. Defects owing to charge-up caused by static 
electricity were detected using an optical detect inspection 
apparatus, and an occurrence rate of defects was calculated from 
the number of these defects. FIG. 6 shows the result. In FIG. 
6, the horizontal axis expresses the antenna ratio within the 
test device and the vertical axis expresses the defect 
occurrence rate (%) . From FIG. 6, it is seen that the defect 
occurrence rate increases as the antenna ratio increases. 
Meanwhile, FIG. 7 shows a correlation between the defect 
occurrence rate and electrostatic energy developing from 
electric charges accumulated between the upper electrode 8 
which is the antenna portion and the inter-layer insulation film 
11, calculated from the formulae (1), (2), (3) and (4) at the 
antenna ratio of 10000. In FIG. 7, the horizontal axis 
expresses electrostatic energy (J) developing from electric 
charges accumulated between the upper electrode 8 serving as 
the antenna and the inter-layer insulation film 11, whereas the 
vertical axis expresses the defect occurrence rate (%) . From 
FIG. 7, it is seen that the defect occurrence rate dramatically 
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increases as electrostatic energy becomes equal to or larger 
than 1 . 0 /i J- 

As described above, according to this preferred 
embodiment, on a test device in which the antenna ratio is large 
and the sensitivity of detecting charge-up is enhanced, 
destruction caused by charge-up is detected using an optical 
detect inspection apparatus, and therefore, charge-up damage 
owing to static electricity is quantitatively evaluated. 

<SECOND PREFERRED E]yiBODIMENT> 

A semiconductor device for charge-up damage evaluation 
according to a second preferred embodiment of the present 
invention will now be described with reference to FIGs. 8 
through 10. FIG. 8 is a structure drawing of the second 
semiconductor device for charge-up damage evaluation according 
to the present invention. Shown in FIG. 8A is a surface 
structure of a test device according to the second preferred 
embodiment, and FIG. 8B is a drawing which shows the cross 
section taken along X-Y in FIG. 8A. 

Denoted at 5 is a contact which electrically connects a 
silicon substrate 9 and a lower electrode 6, denoted at 8 is 
an upper electrode which will serve as antenna for accumulating 
electric charges, denoted at 7 are overlap portions where the 
lower electrode 6 and the upper electrode 8 overlap each other, 
denoted at 10 is an inter-layer insulation film deposited on 
the silicon substrate 9, denoted at 11 is an inter-layer 



insulation film deposited on the inter-layer insulation film 
10, and denoted at 13 is a top-most inter-layer insulation film 
which is deposited on the inter-layer insulation film 11 and 
which is shaped into a slit shape having a number of parallel 
slits (e.g., pitches: l^m) for instance. 

Use of this structure allows to detect charge-up damage 
exhibiting directivity. 

<THIRD PREFERRED EMBODIMENT> 

An example of measurement on charge-up using the 
semiconductor device for charge-up damage evaluation according 
to the second preferred embodiment will now be described. The 
evaluation method is the same as that described in relation to 
the first preferred embodiment. 

FIG- 9 shows a method of pulling up a semiconductor device 
for charge-up damage evaluation P according to the present 
invention in a multi-bath immersion cleaning apparatus which 
uses ultrapure water for instance as a cleaning liquid. Shown 
in FIG. 9A is an instance that the pulling-up direction is 
parallel to the direction of slits 14, while shown in FIG. 9B 
is an instance that the pulling-up direction is perpendicular 
to the direction of the slits 14. FIG. 10 is a drawing which 
shows a relationship between a pulling-up speed (mm/s) along 
each direction and a destruction rate of the semiconductor 
device for charge-up damage evaluation according to the present 
invention. In FIG. 10, the horizontal axis expresses the 
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pulling-up speed (nun/s) of pulling up the semiconductor device 
and the vertical axis expresses the defect occurrence rate (%) . 
A quartz bath 15 is filled up with ultrapure water 16 (the 
specific resistance value: 18.0 mQ •cm). The semiconductor 
device for charge-up damage evaluation according to the present 
invention is immersed in the ultrapure water 16 for two minutes 
and then pulled up using a lifter. 

From FIG. 10, it is seen that for both the situation shown 
in FIG. 9A and the situation shown in FIG. 9B, as the pulling-up 
speed increases, the defect occurrence rate also increases. It 
is believed to be because an increase of the pulling-up speed 
increases a load per unit time of frictional force F' which acts 
between a substrate and the ultrapure water 16 held in the quartz 
bath 15. It is in the situation shown in FIG. 9A where the 
pulling-up direction is parallel to the direction of the slits 
14 that the ultrapure water 16 contacts with the substrate (P) 
in a wider area. In addition, since the ultrapure water 16, 
accelerated by gravity, easily flows between the slits 14, a 
load of the frictional force F* acting between the slits 14 and 
the ultrapure water is larger in the situation shown in FIG. 
9A than in the situation shown in FIG. 9B. 

Hence, the frictions develop static electricity, the 
amount of electric charges accumulated on the top-most 
inter-layer insulation film 13 having a slit shape also 
increases as the pulling-up speed increases, the voltage V upon 
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the third insulation film 13 increases in proportion, and a 
destruction rate within the semiconductor device increases. 

As described above, according to this preferred 
embodiment, the surface of the top-most inter-layer insulation 
film 13 of the semiconductor device according to the present 
invention is shaped as slits which are parallel to the 
pulling-up direction, the ultrapure water 16 contacts with the 
substrate (P) in a wider area, and the speed at which the 
ultrapure water 16 falls increases, thereby quantitatively 
evaluating charge-up damage owing to static electricity which 
builds up in accordance with frictions between the ultrapure 
water 16, which is an insulator, and the top-most inter-layer 
insulation film 13 which is shaped as slits. 

This preferred embodiment is characterized in that it is 
possible to measure charge-up damage which is dependent upon 
the pulling-up direction of the semiconductor device, each for 
the direction parallel to the pulling-up direction and the 
direction perpendicular to the pulling-up direction. 

When the slits of the top-most inter-layer insulation 
film 13 are shaped as a spiral, ultrapure water ejected out from 
a rotary single wafer-type cleaning apparatus contacts the 
top-most inter-layer insulation film 13 over a wider area, which 
in turn facilitates development of static electricity and 
enhances the sensitivity. 

In the present invention, the third insulation film 13 
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may have convex and concave portions, and geometric patterns 
may be formed at least on the third insulation film 13 which 
is located above the second conductive layer 8. Further, a 
number of slits may be formed in an upper portion of the third 
insulation film 13 in a radial arrangement. 
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